Most of the natural textures are non-homogenous and stochastic by nature. In many cases these textures are also directional. In this paper we present a method for the retrieval of the non-homogenous directional textures. This method is directional histogram and it represents the directional distribution of the texture. The histogram can be formed using either directional filtering method or Hough transform. We test the retrieval ability of our methods using rock texture images. The directional histogram method gives clearly better retrieval results than Gabor features and co-occurrence matrix.
Introduction
In image retrieval, the goal is to find visually similar images to the query image from the database. Therefore, it is essential that retrieval process corresponds to the human texture perception. It has been indicated that one of the most important perceptual dimensions in the natural texture discrimination is directionality [7] . In this work we study the use of directionality in the retrieval of non-homogenous texture images.
Most of the natural textures are non-homogenous. These textures may have variations in the directionality and other textural features. These variations are clearly visible. They have also practical significance because they reflect differences in material composition. In [5] , we tested several current contentbased image retrieval systems using non-homogenous textures. The results showed that these systems are not effective in the case of these textures.
In this paper, we introduce our approach to the retrieval of non-homogenous textures. Our method is called directional histogram and it proved to be effective in non-homogenous texture image retrieval [5] and classification [1] . We test our method with rock images, which are typical non-homogenous natural textures. The method is also compared to the commonly used texture analysis methods, co-occurrence matrix and Gabor features.
Textural Features
In this section, texture features are introduced. First we present our approach, directional histogram that can be formed in two ways. Then we introduce common texture analysis approaches, which are compared with our methods.
Our approach to retrieve the directional and non-homogenous texture samples is based on the measurement of the texture directionality. In this measurement we use a directional histogram, which can be formed using two methods. The first method is based on the directional filtering. A set of eight line masks are used to this purpose. The directionality is found based on the projections of these masks on the image. The directions form a distribution that is called directional histogram. Another method to form the directional histogram is to use the Hough transform [4] , which is a method for detection of directions occurring in the images. The directions are in this case the same as in the filtering method. Therefore, also in this approach the number of bins in the histogram is eight. In the retrieval, we calculate the distance between the directional histograms using L 1 -norm.
Gray-level co-occurrence matrix, introduced by Haralick [3] is one of the most popular statistical methods in the texture analysis. This matrix defines the probability that gray level i occurs at the distance d in direction Θ from gray level j in the texture image. These probabilities create the co-occurrence matrix M(i,j|d,Θ). The matrix has been used in texture description by computing certain features from it. In our previous work [5] , we have found that contrast, entropy, and energy [3] are useful features in rock texture retrieval. These three measures can be combined into feature a vector. In retrieval, the distance between these feature vectors can be defined using Euclidean distance.
The Gabor-features [6] represent wavelet-based texture analysis. The Gabor filter bank is used in multiple scales and orientations, which makes it suitable for measurement of directional texture. The mean µ mn and standard deviation σ mn of the magnitude of the transform coefficients of the scale m and the orientation n are used in texture description. In our experiments, we use four scales and six orientations as in [6] , and then the length of the resulting feature vector is 48. The distance between the Gabor feature vectors are defined using the distance measure presented in [6] . 
Experiments
The objective of the experiments was to compare the retrieval ability of the directional histograms to other texture analysis methods. We used two testing databases of non-homogenous rock textures. Test set I (figure 1a), contained 64 directional rock images which were divided manually in three visually similar classes. The 168 rock images of test set II (figure 1b) consisted of seven rock types. Most of these types were directional and non-homogenous.
Both image databases were indexed using the features introduced in section 2. In retrieval, leave one out method was used and average precision/recall curves [2] were defined for each feature. The retrieval results in both test sets are presented in figure 2 . It shows that the directional histogram gives the best retrieval results in both testing databases. In case of small recall rate in set I, the best retrieval results are obtained using the directional histogram based on the Hough transform. The filtering method proved to be better than Gabor filtering by all recall values. Table 1 shows the computational characteristics of the features that are calculated for the whole test set II. The computation was made using Matlab on a PC with 804 MHz Pentium III CPU and 256 MB primary memory. Computationally lightest approach proved to be directional histogram based on filtering, whereas Gabor filtering required the longest time both in indexing and retrieval. 
Discussion
In this paper, we considered texture directionality that is important feature in human texture perception [8] . Our method, directional histogram characterizes the directionality of a texture image. Compared to the commonly used texture analysis methods, the co-occurrence matrix and Gabor features, the directional histogram gave the best retrieval results. In addition to that, the computational cost of the directional histogram is significantly lower than in the case of the other approaches. In conclusion, the directional histogram proved to be effective in the texture image retrieval, especially in case of the non-homogenous textures. Because the most of the textures occurring in the nature are nonhomogenous, this ability is essential in image retrieval.
